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ABSTRACT 

Sablefish length-at-age data from Southeastern Alaska waters a re  used t o  estimate 
parameters of growth models and are  compared to sablefish growth in other areas. 
Sablef ish otol i t h s  were collected from four s i t e s  in Southeastern Alaska and aged 
w i t h  surface reading techniques. An allometric growth model was f i t  to log- 
transformed lengths-at-age using leas t  squares regression. An investigation of 
the e f fec ts  of the logarithmic transformation showed that  the assumptions required 
for  1 eas t  squares procedures were sa t i s f ied  by the 1 og-transformed data. Compari - 
son of sabl ef ish growth a t  three Southeastern Alaska s i t e s  showed s t a t i s t i c a l l y  
significant variation among s i t e s  for  both males and females. The differences in 
rate  of growth among s i t e s  within Southeastern Alaska, while s t a t i s t i c a l l y  signi- 
f icant ,  were not great in magnitude. Growth a t  Southeastern Alaska s i t e s  was 
significantly slower than a t  northern British Columbia s i t e s  where otol i t h s  had 
been aged with "break-and-burn" techniques. Growth of sabl ef ish in Southeastern 
Alaska determined from oto l i th  aging was also slower than that  determined from 
following length frequency modes in the same areas. The differences i n  growth 
ra te  a re  hypothesized to be due to  the reading of extra annuli with the surface 
reading technique. Growth rates  cal cul ated from ages read by ei ther  technique 
a re  much lower than previously pub1 ished values. Double reading of sabl ef ish 
otol i ths  using both techniques i s  necessary to  determine whether the differences 
in growth r a t e  a re  due to  differences in aging technique or to  actual regional 
variation in growth ra te .  



INTRODUCTION 

A well-defined re la t ionship  among age, length,  and weight i s  a prerequis i te  f o r  
accurately determining optimal y ie ld  and fo r  understanding the l i f e  h is tory  
s t ra tegy of the Gulf of Alaska sablefish population. Early attempts t o  deter-  
mine maximum sustained y ie lds  f o r  Gulf of Alaska sablefish (Low e t  a1 . 1976; 
Low and Wespestad 1979; Anon. 1978) were based on stock production models which 
require no expl i c i t  formulation of growth. The f i t  of these model s t o  the 
avai lable  catch and e f f o r t  data was poor since the data represented an aggrega- 
t ion of growth, mortal i t y ,  recruitment, and harvest processes and encompassed 
wide temporal and spat ia l  variat ion i n  catch r a t e s ,  harvests, and e f f o r t ,  w i t h  
unknown amounts of migration among areas .  More accurate prediction of optimal 
yie ld  requires e x p l i c i t  formulations of growth, mortal i t y ,  recruitment, and har- 
vest  processes and the temporal, s p a t i a l ,  and age s t ruc ture  of the population. 
Recent sablef ish model ing e f f o r t s  (Terry and Bal s iger  1981 , Funk 1983) have 
incl uded expl i c i  t growth submodel s ,  but have been hampered by a 1 ack of avail able 
data from the Gulf of Alaska area f o r  estimating the  parameters of the growth 
model s . 
Early s tudies  of sablefish growth in Bri t i sh  Columbia (Kennedy and Pletcher 1968), 
Oregon (Pruter  1954), and the Bering Sea (Sasaki e t  a1 . 1975) indicated t h a t  
sablefish were a re la t ive ly  fast-growing and short- l ived species. Recently 
Beamish and Chi1 ton (1 982) reported a considerably d i f fe ren t  impression of sable- 
f i sh  growth using the "break-and-burn" o to l i t h  reading technique. They describe 
a species with very rapid i n i t i a l  growth, b u t  very slow growth upon reaching mat- 
u r i ty ,  w i t h  many members of the population surviving t o  very old ages. These 
newer slower growth r a t e s  have a profound impact on the y ie ld  t ha t  can be obtained 
from sablefish stocks on a sustained basis .  They a l so  suggest a 1 i f e  history 
s t ra tegy radi ca1 ly  d i f fe ren t  from tha t  described in ear l  i e r  s tudies .  

This paper describes sablefish growth from Southeastern Alaska waters and com- 
pares the growth pattern t o  publ ished values from other areas .  Unfortunately 
the methods of age determination have varied widely among sabl ef i sh growth stud- 
i e s  so t ha t  observed differences in growth among areas could be a t t r i bu t ed  t o  
differences i n  aging techniques a s  well a s  actual  differences i n  growth. Pre- 

c liminary r e su l t s  of this study of growth of sablefish i n  Southeastern Alaska were 
previously reported in Bracken (1 981 ). 

LITERATURE REV I EM 

The e a r l i e s t  aging work on sablef ish  was publ ished by Be1 1 and Gharrett (1945). 
They determined ages from a small sample of sablefish using scale  reading tech- 
niques and reported t ha t  f i s h  from 40 t o  70 cm i n  length were only 2 t o  4 years 
01 d. 

Pruter (1 954) aged sablef ish  captured off of the Oregon coast  from scales  and 
described growth a s  re la t ive ly  f a s t  and showing only a s l i g h t  tendency fo r  the  
r a t e  of growth to  decrease w i t h  age up t o  age 7.  No f i s h  were aged older than 
age 1 3  using the  scale  reading technique, a1 though f i s h  exceeding 80 cm were aged. 



Female growth was reported to  exceed t h a t  of males a f t e r  age 3. Kennedy and 
Pletcher (1 968) collected sablefish samples from trawl s f o r  age analysis  from 
i n l e t s  e a s t  of Queen Charlotte Sound and from outer Bri t i sh  Columbia coastal 
areas  in the Gulf of Alaska. Ages were determined from both scales  and otol i t h s .  
Otolith ages were determined from both surface reading and "in some cases a f t e r  
cu t t ing ,  polishing, and burning t o  accentuate the pattern".  Ages read from 
scales  agree with ages from o to l i t h s  f o r  about two-thirds of the  f i s h  younger 
than 3 years.  For older f i s h ,  agreement between scale-read and otoli th-read 
ages was poor and scales  were found t o  give older ages than otol i t h s  i n  most 
cases. Sex-specific average lengths a t  age were reported only f o r  data pooled 
from a1 1 s i t e s  and only f o r  ages up  t o  6. Ages up t o  11 a r e  reported, b u t  sexes 
cannot be segregated in the published tables .  Growth occurs a t  a rapid r a t e  and 
does not approach a 1 imiting value. 

Sasaki e t  a1 . (1 975, i n  Low e t  a1 . 1976) describe growth of sablef ish i n  the 
Bering Sea from a sample taken in 1966. Both sexes were pooled together f o r  
f i t t i n g  von Bertalanffy growth models. Sasaki e t  a1 . (1 975) observed t ha t  growth 
of young sablefish was markedly d i f f e r en t  than t h a t  of older f i s h .  They found 
t ha t  f i t t i n g  two von Bertalanffy curves t o  the data ,  one f o r  f i s h  younger than 
age 3.3 years and one f o r  f i s h  older than 3.3 years described the data much be t t e r  
than f i t t i n g  a s ingle  curve. A s ingle  von Bertalanffy model did not describe 
the re1 a t ive ly  sharp t rans i t ion  from rapid growth a t  young ages t o  the slower, 
asymptotic growth a t  older ages. 

Information on the growth of very young sablef ish  i s  sparse. Heyamoto (1962) 
examined scales  of young sablefish 12-30 cm long finding t h a t  the f i r s t  sca le  
annulus was present i n  December of the f i r s t  year. He speculated t h a t  the f i r s t  
scale  annulus had begun to  form a t  a length range of 21-23 cm, approximately 6 
months a f t e r  hatching. 

Beamish and Chilton (1982) studied sablef ish  growth i n  Br i t i sh  Columbia using the 
"break-and-burn" otol i t h  reading technique f i r s t  reported by Christensen (1 964). 
In t h i s  technique, sablef ish otol  i ths  a r e  f ractured dorsoventral l y  through the 
nucleus and burned br ief ly .  Annual r ings  a r e  then more eas i ly  seen due t o  the 
darkening of a membrane of organic material during oxidation (Dannevig 1956). 
Like ear ly  researchers,  Beamish and Chilton report  very rapid i n i t i a l  growth. 
However, i n i t i a l  growth r a t e s  a r e  somewhat higher and much older ages a r e  obtained 
w i t h  the "break-and-burn" method. Ages over 20 a r e  common and ages over 40 a r e  
observed. Thus, the r a t e  of growth of older f i s h  i s  much slower than t ha t  deter-  
mined by other methods. 

METHODS 

Study S i t e s  and Collection Techniques 

Otoli th samples were collected from four s i t e s  i n  Southeastern Alaska f o r  age 
determination (Figure 1 ) . Commercial conical pot f ishing gear, described i n  
Bracken (1 981 ) , was used to  capture sablefish a t  the Behm Canal s i t e .  A t  
Chatham S t r a i t  s i t e  A and Chatham S t r a i t  s i t e  B rectangular pots were used, a s  
described i n  Zenger (1981 ) .  The length of sablefish captured a t  these s i t e s  



Figure 1 .  Sablefish o to l i th  collection s i t e s  in Southeastern Alaska. 



ranged from 40 t o  80 cm. Systematic subsampling procedures were used t o  s e l e c t  
f i s h  f o r  age determination so t h a t  the age d i s t r ibu t ion  of the  sample would be 
representat ive of the age d i s t r ibu t ion  in the pot gear catch a t  each s i t e .  Hook 
and l i n e  gear was used t o  capture a sample of juvenile sablef ish  a t  the Auke Bay 
s i t e .  Sablefish captured in t h i s  sample ranged i n  length from 22 t o  40 cm. The 
number of o t o l i t h s  col lec ted a t  each s i t e  and col lec t ion dates  a r e  given in Table 
1. Left and r i g h t  o t o l i t h s  were col lec ted from specimens captured a t  Auke Bay 
and Chatham S t r a i t  s i t e  A. Left o t o l i t h s  only were taken a t  the  Behm Canal s i t e  
and Chatham S t r a i t  s i t e  B. Otol i t h s  were pooled by 1 cm length in te rva l s  by sex 
and preserved in 30% ethanol f o r  l a t e r  age determination. Ages were determined 
a t  the Washington Department of Fisheries Aging Laboratory usinq surface reading 
techniques. All o t o l i t h s  were read by the  same reader. 

Sablef ish length-at-age data from northern British Col umbia waters were a1 so exam- 
ined and compared t o  the data from Southeastern Alaska. The methods used t o  
co l l e c t  these data a r e  described i n  Beamish and Chil ton (1982). Data from the 
sample s i t e s  described a s  "west coast  of the  Queen Charlotte Islands" and " i n l e t s  
e a s t  of Queen Charlotte Sound" in Beamish and Chil ton (1982) a r e  pooled and a r e  
referred t o  a s  "northern British Columbia". These samples a r e  pooled together t o  
approximate the spat ia l  var ia t ion in sablef ish  growth i n  a l l  northern Bri t i sh  
Col umbia waters. Beamish and Chil ton (1 982) describe the otol  i t h  "break-and- 
burn" technique used t o  determine ages of these specimens. 

Growth Model s 

A number of d i f fe ren t  growth models were f i t  t o  the length-at-age data.  Two 
c r i t e r i a  were used in evaluating various growth models. The f i r s t  c r i t e r i on  was 
t h a t  the model describe the data well.  The growth models considered a r e  a l l  
empirical ,  s ince  no spec i f i c  underlying mechanisms f o r  physiological growth a r e  
postulated.  The second c r i t e r i on  was t h a t  the model should allow straightforward 
quan t i t a t ive  comparison of d i f f e r en t  data s e t s .  

The von Bertalanffy growth model (Table 2) is  widely used i n  f i s h e r i e s  biology. 
The three parameters ( t o ,  L,, K) describe a species which has determinis t ic  
growth, reaching a maximum length a t  asymptote L,. The r a t e  of growth i s  assumed 
t o  be maximum a t  the age a t  which length i s  theore t i ca l ly  zero ( a t  to ,  usually a 
negative number) and t o  gradual ly  decrease w i t h  age. The parameter K describes 
the r a t e  a t  which length approaches the  asymptote L,. The von Bertalanffy model 
describes the  growth of long-lived slow-growing species qu i te  well and has been 
previously appl ied t o  sablef ish (Beamish and Chil ton 1982, Low e t  a1 . 1976). 
However, s t a t i s t i c a l  comparison of von Bertalanffy model f i t s  t o  d i f f e r en t  data 
s e t s  i s  cumbersome because three  parameters a r e  involved. A1 1 en (1 976) suggests 
a method which reduces the number of parameters of the von Bertalanffy model t o  
two and l inear izes  the model, but this method requires  p r io r  est imates of one of 
the parameters which can not be obtained i n  a s t a t i s t i c a l l y  rigorous fashion.  
Gallucci and Q u i n n  (1979) discuss an a1 t e rna te  parameterization of the  von 
Bertalanffy model based on the dependence of K and L,, b u t  the comparison requires  
some r e s t r i c t i v e  assumptions concerning the  t h i rd  parameter. Kappenman (1 981 ) 
u t i l i z ed  the  predic t ive  sample reuse technique of Geisser and Eddy (1979) t o  com- 
pare growth curves. This technique bypasses the  comparisons of individual para- 
meters. Separate f i t s  of an a r b i t r a r y  model t o  each of the data s e t s  a r e  compared 
t o  the f i t  of the model t o  pooled data from a1 1 the data s e t s .  While this tech- 
nique appears promising i t  i s  worthwhile t o  f i r s t  consider some simpler two- 
parameter model s .  



Table 1 .  Number of sablef  i sh  o to l  i t h s  co l l ec ted  f o r  age determination from 
Southeastern Alaska sample s i t e s  and da tes  of sampl ing. 

Location Date Ma1 e s  Fema 1 e s  

Auke Bay1 August 1981 6 0 66 

Behm Canal2 June 1981 2 0 103 

Chatham S t r a i t  S i t e  A' May 1981 8 2 2 34 

Chatham S t r a i t  S i t e  B2 May 1981 - 116 - 179 

Total 278 582 

Includes both l e f t  and r i g h t  o to l  iths. 

2 Lef t  o t o l i t h s  only. 



Table  2 .  Growth models f i t  t o  s a b l e f i s h  l e n g t h - a t - a g e  d a t a .  

von B e r t a l  a n f f y  model : -K (t-to) L ( t )  = L, [l - e I 

A l l o m e t r i c  model : ~ ( t )  = a t  
b 

Log-transformed 
a1 1 o m e t r i c  model : 

Exponent ia l  model : ~ ( t )  = a e  
bt 

where : t = a g e  

~ ( t )  = l e n g t h  a t  a g e  t 



The a l lometr ic  model (Table 2 )  i s  a two-parameter model which i s  frequently 
appl ied t o  biological growth problems, often t o  describe r e l a t i ve  growth of 
various body dimensions. The a l lometr ic  model can be l inear ized by a logar i th -  
mic transformation which s impl i f ies  parameter estimation. However, the logar- 
ithmic transformation a l t e r s  the underlying d i s t r ibu t ion  of the data so t h a t  
the assumptions required f o r  s t a t i s t i c a l  inference using l e a s t  square proce- 
dures need t o  be careful ly  examined, a s  discussed by Zar (1968). S t a t i s t i c a l  
comparison of a l i nea r ,  log-transformed a l lometr ic  model f i t  t o  d i f f e r en t  data 
s e t s  can be accompl ished using standard analysis  of covariance (ANCOVA) techni- 
ques. 

Other two-parameter models such a s  an exponential and a second degree polynomial 
were a1 so considered. However, i n  most cases the f i t  of the  a l lometr ic  model 
was subs tan t ia l ly  be t t e r .  For these reasons, the  a l lometr ic  model wil l  be con- 
sidered the  most appropriate choice from the c l a s s  of two-parameter models. 

Parameter Estimation 

A modified Levenberg-Marquardt algorithm1 was used t o  est imate parameters of 
non-linear growth models. The i t e r a t i v e  solution of t h i s  algorithm was term- 
inated when residua1 sums of squares on two successive i t e r a t i ons  d i f fe red  by 
l e s s  than 0.00001%. 

Standard l i nea r  l e a s t  squares regression procedures were used t o  est imate para- 
meters of the  log-transformed a l lometr ic  model. In order t o  use these methods, 
a number of assumptions a r e  required. The f i r s t  assumption is  t h a t  the  indepen- 
dent var iable  (age) has no measurement e r ro r .  This means t h a t  repeated readings 
of the same o t o l i t h s  a r e  assumed t o  always r e s u l t  i n  the same age. The second 
assumption is  t h a t  the residual lengths a t  age be normally d i s t r ibu ted .  The 
e f f e c t  of a logarithmic transformation on the lenqth-at-age d i s t r i bu t i ons  was 
investigated by using t e s t s  f o r  skewness and kur tos is  and a Kolmogorov-Smirnov 
t e s t  f o r  overall  departure from normality. The t h i r d  assumption i s  t h a t  the  
variance of lengths a t  each age i s  constant. The va l i d i t y  of this assumption 
was investigated by graphical l y  examining trends i n  the d i s t r ibu t ions  of 1 engths 
a t  each age. 

RESULTS 

Growth Model F i t t ing  

S t a t i s t i c a l  inferences from l e a s t  squares procedures usually require  residual 
deviat ions from predicted observations t o  be normally d i s t r ibu ted .  However, 
residual deviat ions cannot be examined without making an - a p r i o r i  choice of a 

Subroutine ZXSSQ from the International  Mathematical and S t a t i s t i c a l  Library 
(IMSL) , IMSL, Inc.,  7500 Be1 1 a i r e  Bl vd., Houston, TX 77036-5085. 



spec i f ic  model and many models were i n i t i a l l y  considered. Therefore the d i s t r i -  
bution of deviations from the mean length a t  each age i s  examined a s  an approxi- 
mation to  the d i s t r ibu t ion  of res iduals  from a spec i f ic  model. Data from a l l  
s i t e s  in Southeastern Alaska a r e  combined f o r  each sex fo r  t h i s  examination. The 
d i s t r ibu t ion  of deviations from mean length a t  age i s  then examined for  departures 
from normality fo r  both untransformed and log-transformed observations. 

Figure 2a depicts  frequencies of untransformed lengths a t  each age f o r  male sable- 
f i s h  from Southeastern Alaska waters. Several of the d i s t r ibu t ions  of lengths a t  
each age show tendencies toward posi t ive  skewness since there  a r e  a few large 
deviations in the posi t ive  direction from the mean and many observations w i t h  
small deviations from the  mean in the negative di rect ion.  Figure 2b depicts  the 
d i s t r ibu t ion  obtained when the d i s t r ibu t ions  of lengths a t  each age a r e  super- 
imposed, scaling each d i s t r ibu t ion  t o  a standard mean of zero. This d is t r ibut ion 
i s  skewed i n  the posi t ive  di rect ion,  although not s ign i f ican t ly  ( t e s t  of t h i r d  
moment) and i s  s l i gh t l y  pla tykur t ic  since there a re  too few observations in the  
t a i l  of the  d i s t r ibu t ion  and near the mean and too many i n  intermediate regions. 
The kurtosis  i s  not s ign i f ican t ly  non-normal ( t e s t  of fourth moment) and a 
Kolmogorov-Smirnov t e s t  of overall departures from normality i s  a l so  non-signi- 
f i can t .  When these data a r e  log-transformed (Figures 3a and 3b), posi t ive  skew- 
ness is el iminated. The 1 og-transformation causes the Kurtosis t o  become 
marginally s ign i f ican t ly  non-normal since there  a r e  too few observations i n  
the t a i l  of the dis t r ibut ion and near the  mean and too many i n  intermediate 
regions. However, the Kolmogorov-Smirnov t e s t  of overall departures from norm- 
al i t y  i s  s t i l l  non-significant. 

Female sablefish lengths a t  age from Southeastern Alaska waters display s imilar  
behavior. Untransformed length-at-age observations have s l i g h t  posi t ive  skewness 
(Figures 4a and 4b) b u t  there a r e  no s ign i f ican t  departures from normality. The 
1 og-transformed observations (Figures 5a and 5b) show some s ign i f ican t  departures 
from normality due to  the  leptokur t ic  e f f e c t  of the log transformation in con- 
centrat ing observations near the mean. The e f f ec t  of the log transformation on 
kurtosis  i s  the opposite of t ha t  f o r  male sablef ish ,  however. 

Appendix I describes the  untransformed and log-transformed observations fo r  male 
and female sablef ish  a t  each of the 3 s i t e s  where large  f i s h  were sampled and 
f o r  the data from the  northern Brit ish Columbia s i t e s .  The r e su l t s  of the 
normality t e s t s  a r e  summarized in Table 3. These r e su l t s  indicate  t h a t  untrans- 
formed and log-transformed length-at-age observations s a t i s f y  the normal d i s t r i -  
bution of res iduals  assumption about equally well. No radical departures from 
normality a re  evident in e i t he r  case. Given the s impl ic i ty  of f i t t i n g  the log- 
transformed version of the a l lometr ic  model, the log-transformed model wil l  be 
used instead of the untransformed model. 

There a r e  too few observations of l a rger  f i s h  in the Southeastern Alaska growth 
data t o  determine whether the  variance of the length-at-age observations 
increases w i t h  age. More observations of older ages a r e  avai lable  i n  the nor- 
thern Bri t i sh  Columbia data (Appendix I )  and these data do display a tendency 
f o r  the variance of lengths a t  age t o  increase with age. The logarithmic t rans-  
formation s t ab i l i z e s  t h i s  variance trend. 
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f i s h  from a l l  s i t e s  i n  Southeas te rn  Alaska. 
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Figure 4a ,  4b. D i s t r i b u t i o n  of untransformed lengths-a t -age  f o r  female sab le -  
f i s h  from a l l  s i t e s  i n  Southeastern Alaska. 
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Table 3. Summary of resul ts  of normality t e s t s  on pooled deviations from mean 
lengths a t  age fo r  skewness, using a t e s t  of the third moment s t a t i s -  
t i c ,  kurtosis, using a t e s t  of the fourth moment s t a t i s t i c ,  and over- 
a1 1 departures from normal i ty ,  using a Kolmogorov-Smirnov (K-S) t e s t .  

S i r e  5 e :i. Skewness Kctl-tosis Overall  (K-S t e s t )  
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Comparison of Growth Models: 

For Southeastern Alaska male sablefish the log-transformed allometric model had 
a 5% lower residual sum of squares than the von Bertalanffy model (Figure 6a).  
The f i t  of the log-transformed allometric model to the Southeastern Alaska 
female sablefish growth data (Figure 6b) i s  even bet ter  in comparison to  the 
von Bertalanffy model, with a 10% reduction in the residual sum of squares. For 
female sablefish length does not reach a def ini te  asymptote within the observed 
ages, and the allometric model i s  bet ter  a t  describing the continued gradual 
growth in length with age. 

Conversely, for  northern British Columbia ma1 e sablefish,  the von Bertalanffy 
model has a 21% lower residual sum of squares than the a1 lometric model (Figure 
7a). These length-at-age data describe very f a s t  growth a t  early ages and reach 
a def ini te  asymptote for  older ages. The von Bertalanffy model i s  bet ter  able 
to describe the relat ively sharp curvature of the growth data a t  the t ransi t ion 
between f a s t  and slow growth. For female sablefish from northern British Columbia 
(Figure 7b) t h i s  curvature i s  not so sharp and the von Bertalanffy model has only 
a 3.4% lower residual sum of squares. The increasing variance of length a t  age 
with age i s  clearly evident in the female sablefish growth data. 

Overall the f i t s  of the two models are  not radically different  with the exception 
of male sablefish from northern British Columbia. Given the ease with which 
1 inear models can be compared, the 1 og-transformed a1 lometric model was used for  
growth curve comparisons. 

Variation in Growth Among Si tes  within Southeastern Alaska 

Sablefish captured a t  Chatham S t r a i t  s i t e  A ,  Chatham S t r a i t  s i t e  B ,  and a t  the 
Behm Canal s i t e  were compared for  differences in growth. The sample of sable- 
f ish from Auke Bay consisted only of smaller juveniles and could n o t  be direct ly  
compared to samples from the other s i t e s .  Analysis of covariance (ANCOVA) tech- 
niques were used to  compare growth data from the three s i t e s  using the l inear  
log-transformed allometric model. Variances among the three s i t e s  were not 
found to vary for  males or females, using Bar t l e t t ' s  t e s t  of homogeneity of 
variance. For male sablefish there i s  no significant difference in slope (para- 
meter b of the a1 1 ometric model ) of log-transformed a1 lometric model s f i t t e d  
independently through the growth data f o r  male sablefish from the three s i t e s  
(Figure 8 ) .  Intercepts (parameter a of the a1 1 ometric model ) are  significantly 
different ( p  < .005). Growth was f a s t e s t  a t  the Behm Canal s i t e  and slowest a t  
Chatham S t r a i t  s i t e  A .  

For female sablefish there was also no significant difference in the slopes of 
the three independent regressions (Figure 9 ) .  Intercepts were significantly 
different  ( p  < .005). As fo r  males, growth was f a s t e s t  a t  the Behm Canal s i t e  
and slowest a t  Chatham S t r a i t  s i t e  A. 

Comparison of Southeastern Alaska and Northern British Columbia Growth Data 

Growth data from a l l  four Southeastern Alaska sample s i t e s  were pooled and com- 
pared with data pooled from the two sample s i t e s  in northern British Columbia. 
The amount of var iabi l i ty  found among the sample s i t e s  in Southeastern Alaska i s  



A. SOUTHERSTERN f7LRSKR MRLE SRBLEFISH 

20 1 .---- Transformed allornetrlc, restdual SS = 2,192 

60 - - 
r. 
E 
Z 
W 

40 - 

I - Untransformed length-at-age observations 

I_j-I------------ 
- / . J 4 - - 1  

- von Bertalanffy model, residual SS = 2,304 

N = 278 

0 I I 
0 

1 
10 20 30 

RGE (YEARS1 

B. SOUTHERSTERN ALRSKR FEMRLE SRBLEFISH 

80 - 

- 
E 60 - - 
r 
t- 
u 
Z W 

40 - 

- von Bertalanffy model. resldual 55 = 8.628 

20 1 .---- Transformed allometrlc~ resfdual 55 = 7,813 

Figure 6a, 6b. Comparison of t h e  f i t  of t h e  von Ber ta lanf fy  growth model and 
the  log-transformed a l l o m e t r i c  model t o  Southeastern Alaska 
male and female sab le f i sh  length-at-age observat ions.  

0 

- Untransformed length-at-age observat[ona 

N = 582 

I 
0 

I 
10 

I 
20 30 

AGE [YEARS1 



A. NORTHERN B.C. MRLE SRBLEFISH 

- von Bertalanffy mod'el. resldual SS = 4,111 

Transformed ollometrlc, reslduol SS = 5,199 

ECQQEXS Untransformed length-at-age observatlons 

s 1 I I 
0 

I 
10 20 30 

RGE [YERRSI 

B. NORTHERN B.C. FEMRLE SRBLEFISH 

I I  
- von Bertalanffy model, resldual 55 = 12,599 

I - Untransformed length-at-age observatlons 

Figure 7a, 7b. Comparison of the fit o f  the von Bertalanffy growth model and 
the log-transformed allometric model to northern British 
Columbia ma1 e and female sablef i sh 1 ength-at-age observations. 

0 

N = 426 

I I I 
0 10 20 30 

RGE IYERRSI 



MRLE SRBLEFISH 

ANALYSIS OF COVARIANCE 

- Chatham S t r a i t  lSlfe R 3  : g = .21844(xl + 3.5043 

Source o f  Var ia t ion  d f S S MS F 

H :  EgugL I.1 ope%) 

- 

Among regressions: 2 .01008 .005004 1.323 (NS) 
With in  regressions: 29 .I0970 .003783 

.----- Chatham S t r a  1 t [St t e  B l  : y = .26162 1x1 .t 3.4566 
- Behm Canal y = .2497S[x1 i 3.5163 

Among adjusted means: 2 .I3426 .06713 17.385 ( p  C .005) 
Pooled w i t h i n  areas: 3 1 11970 .00386 

1 1 1 1 
% 1 2 3 4 

L O G  (FIGEI  

Figure  8. Ana l ys i s  of covar iance comparing male s a b l e f i s h  growth among s i t e s  
w i t h i n  Southeastern A1 aska . 



FEMRLE SRBLEFISH 

- Chathsm S t r a f  t [ S !  te I71 : y = ,2744[x) + 3.4701 - .----- Chatham S t r a i t  [Site 01 : y = .2524(x1 .t 3.5217 
- -  Behm Canal y = .3202[xl + 3.4321 

1 1 I i 
0 1 2 3 4 

Source o f  V a r i a t i o n  

(Ho: S.Lopes) 

Among regressions: 
W i th in  regressions:  

Among adjusted means: 
Pooled w i t h i n  areas: 

L O G  ( R G E I  

ANAL Y S I S OF COVAR I ANCE 

Figure 9. Analysis of covariance comparing female sablefish growth among s i t e s  
within Southeastern A1 aska. 



assumed t o  approximate the magnitude of the variance component among a l l  areas 
within Southeastern Alaska. Similarly,  the pooled data from the two s i t e s  in 
northern Bri t i sh  Columbia a r e  assumed to  represent the variance component among 
a1 1 s i t e s  within northern British Columbia. Variances between the two areas were 
not found to  d i f f e r  s ign i f ican t ly  f o r  males or females, using an F r a t i o  t e s t  f o r  
homogeneity of variance. Slopes of the 1 og-transformed a1 1 ometric model f i t t e d  
through the  growth data from each area were very d i f fe ren t  ( p  < .001) f o r  both 
males (Figure 10) and females (Figure 11 ).  

The untransformed length-at-age data and f i t t e d  models a r e  shown f o r  males and 
females in Figure 12. The Southeastern Alaska data c lea r ly  describe much slower 
growth a t  ear ly  ages. The differences between the growth curves f o r  the  two 
areas decrease w i t h  age. The Southeastern Alaska lengths lag behind the  Bri t i sh  
Columbia lengths by two t o  three  years of growth. The northern Br i t i sh  Columbia 
data describe a species w i t h  very rapid i n i t i a l  growth and r e l a t i ve ly  l i t t l e  
growth beyond age six or  seven. 

Growth from Length-Frequency Modes 

Length frequencies were taken from s i x  samples of sablefish captured w i t h  pot gear 
a t  the  Behm Canal s i t e  from June 1979 t o  March 1983 (Figure 13) .  The June and 
August 1979 samples were taken from shallow water in the  Behm Canal area and con- 
s i s t  only of juvenile sablef ish .  The marked mode evident i n  these d i s t r ibu t ions  
represents the strong 1977 year c lass .  The length-frequency d i s t r ibu t ions  of 
samples from December 1979 t o  March 1983 were taken from deeper water i n  the  
Behm Canal area.  The modes of these d i s t r ibu t ions  may approximately represent 
the  1977 year  c l a s s  but are affected by contributions from other year c lasses  and 
a r e  probably somewhat too large .  If these modes a re  assumed t o  represent the  
average lengths a t  age of the  1977 year c l a s s  and compared t o  the lengths a t  age 
determined from the surface-aged o t o l i t h s  from the Behm Canal s i t e  in June of 1979, 
a considerable discrepancy r e su l t s .  Growth r a t e s  determined from surface-read 
o to l i t h s  underestimate the lengths a t  age by about one t o  two years growth, even 
a t  ea r ly  ages (Figure 14).  These discrepancies could be due e i t h e r  t o  abnormally 
f a s t  growth by the  1977 year c lass  o r  t o  over-aging of o t o l i t h s  in the surface 
reading technique. 

DISCUSSION 

Sablef ish growth in both northern Bri t i sh  Co1 umbia and Southeastern Alaska i s  
characterized by an i n i t i a l  period of f a s t  growth, followed by slower asymptotic 
growth. The change i n  the  r a t e  of growth appears t o  be ra ther  abrupt and coincides 
w i t h  the  approximate age of sexual maturity. This r e l a t i ve ly  rapid t rans i t ion  
from f a s t  t o  slow growth i s  probably indicat ive  of fundamental changes i n  physi- 
ology and behavior associated w i t h  the onset of sexual maturity. A change i n  r a t e  
of growth a t  sexual maturity i s  well established i n  other species and separate 
growth curves a r e  often f i t  to  data before and a f t e r  the age of sexual maturity 
(e.g.,  Somerton 1979). For sablef ish ,  Low e t  a1 . (1976) obtained be t te r  f i t s  of 
the  von Bertalanffy model by par t i t ioning sablef ish  length-at-age data in to  two 
s i ze  groups, although the s i ze  categories did not correspond t o  the age of sexual 
maturity. However a s ingle  growth expression i s  often desi rable  f o r  s impl ic i ty  i n  
modeling applications,  even though the f i t  may be l e s s  precise.  
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Figure 13. Length-frequency observations of sablefish collected at the 
Behm Canal site from June 1979 to March 1983. 
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I n i t i a l  growth r a t e s  from the Southeastern Alaska sablefish length-at-age data 
a r e  slower than those obtained from the northern Bri t i sh  Columbia data. I t  i s  
not possible t o  determine from the length-at-age data whether the observed 
differences i n  sablef ish  growth between Southeastern Alaska and northern Bri t -  
ish Columbia a r e  due t o  differences in aging technique or t o  actual differences 
in growth in the two areas.  The f a c t  t ha t  the differences among s i t e s  within 
Southeastern A1 aska were re1 a t i  vely minor, though s ign i f ican t ,  suggests t ha t  
s imilar  r e l a t i ve ly  minor differences i n  growth should appear between Southeastern 
Alaska and northern Bri t i sh  Col umbia. The growth from length-frequency modes 
a l so  indicate t ha t  surface-reading may have overestimated ages of younger f i s h .  
This i s  unusual since surface-read o t o l i t h  ages a r e  normally l e s s  than "break 
and burn" read ages (Beamish and Chilton 1983). However, the surface-read data 
from Southeastern Alaska a l s o  produced fewer older-aged f i s h  than in Bri t i sh  
Columbia. This indicates  t h a t  older f i s h  may have been underaged. A review of 
the surface aging techniques suggests t ha t  two extra annuli could have been 
counted, one a t  the focus and one a t  the outer edge of the o to l i t h .  Adjusting 
the Southeastern Alaska ages downward by two years (Figure 15) brings the f i t t e d  
growth curve much c loser  t o  the British Col urnbia curve than the  unadjusted f i t t e d  
growth curve (Figure 12) .  This type of e r ro r ,  along w i t h  underaging of older 
surface-aged f i s h  i s  one possible explanation f o r  the  observed differences in 
the  length-at-age data between Southeastern Alaska and northern Bri t i sh  Columbia. 
The observed differences could a l so  be due t o  actual differences i n  growth r a t e  
between the  s i t e s .  The following hypotheses could be postulated f o r  actual 
differences i n  growth ra te :  

1 .  Differences in energetics a r i s i ng  from d i f fe ren t  environments 'in 
s pa t i a l l y  segregated non-migratory populations w i t h  identical  geno- 
types ( e  .g . , food supply, temperature) . 

2. Genetic differences i n  spa t i a l l y  or  genet ical ly  isola ted non-migratory 
populations. 

3. Energetics differences i n  the rearing environments of migrating popu- 
la t ions .  

4. Energetics differences in the  migratory environments of migratory 
populations t ha t  a r e  spa t i a l l y  segregated during migration. 

5. Energetics differences between migratory and non-migratory populations. 

6.  Genetic differences between migratory and non-migratory populations. 

Double reading of o to l i t h s  using both aging techniques on the same o t o l i t h  i s  
essent ia l  i n  order to  determine whether the observed differences i n  length-at- 
age data a r e  due t o  aging e r ro r s  or t o  actual variat ion in the r a t e  of growth. 
Comparative s tudies  of aging methods a re  being conducted and r e su l t s  will be 
presented i n  fu tu re  reports .  Regardless of aging e r ro r ,  i t  can safely be con- 
cluded t ha t  ear ly  sablefish growth is more rapid and mature sablefish growth i s  
much slower than reported in the ear ly  1 i t e ra tu re .  
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APPENDIX I 

Untransformed and log-transformed length-at-age distributions for  Southeastern 
Alaska and northern British Columbia s i t e s .  
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